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Abstract
Purpose Studying the effect of citrus pulp silage in the growth performance, amino acid retention of sharpsnout sea bream 
juveniles.
Methods Citrus pulp is an energy and protein source that has been used to replace wheat meal in Diplodus puntazzo finger-
lings; 96 fish of 21.5 ± 0.67 g were nourished with two experimental diets for 105 days. The control diet (CON) contained 
421.6 g/kg of protein and 22.6 MJ/kg of energy. The citrus pulp diet (CPD) included 442.7 g/kg of protein and 22.02 MJ/
kg of energy.
Results At the end of this trial, the CPD did not affect the growth parameters, but the feed efficiency values exhibited statisti-
cally significant differences, with those fish fed the CPD having higher values, possibly due to the presence of limonene in 
the diet. The CPD also resulted in a reduction in amino acid (AA) content due to the protein being bound to fibre; this con-
sequence did not affect the final fish AA profile. For AA retention, only arginine displayed significant differences, although 
the rest of the AAs also showed effects of AA reduction from the CPD.
Conclusion Citrus pulp silage can be used in D. puntazzo feeding, without adverse in the growth performance and the amino 
acid profile, although it did cause a reduction in feed efficiency.
Keywords Diplodus puntazzo · Amino acids · Citrus pulp · Retention · Ensiled · Wheat meal
Introduction
Worldwide production of citrus has constantly increased in 
the last years from 116.128 thousand tonnes (kt) in 2008 
to 124.246 kt in 2016 (FAO 2017). According to Spreen 
(2001), this growth has been based more on processed fruit 
consumption such as orange juice than fresh fruit consump-
tion. This author foresees that this trend will pursue in the 
future years, so in the same way, the citrus by-product will 
continue their increment.
One of the main worldwide citrus by-products is cit-
rus pulp. It is obtained from the entire residue after juice 
extraction. Parts of the citrus pulp are the peel, the rem-
nant and the seeds of the fruit. According to Piquer et al. 
(2009), Shan (2017) and Wang et al. (2017), citrus by-
products are composed of one type of citrus (oranges, 
mandarins, lemons or grapefruits) or a mix of these fruits. 
This combination makes that the final product differs in 
their chemical composition (Basir and Togayani 2017; 
Marín et al. 2007). As stated by Lashkari and Taghiza-
deh (2012), the composition of citrus pulp can vary in 
bromatological composition, depending on the sources, 
which could be lemon, tangerine, orange and/or grape-
fruit: carbohydrates make up the highest portion of cit-
rus pulp (81.51–85.13%), and there is also crude protein 
(CP) (6.64–9.54%), crude lipid (CL) (2.38–3.44%), neu-
tral detergent fibre (10.88–21.23%), acid detergent fibre 
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(8.48–17.04%) and hemicellulose (1.55–4.19%). Besides, 
20–30% of dried weight of citrus peel is composed by pec-
tin (Shan 2017), which is a non-starch polysaccharide that 
is part of the natural diet of herbivorous and omnivorous 
fish (Krogdahl et al. 2005). In addition, the citrus pulp 
composition contains tannin, saponin, phytate, oxalate, fla-
vonoid, and limonene (Oluremi et al. 2010); regarding tan-
nins, phytate and oxalate are known to affect protein and 
mineral utilisation in fish nutrition (Francis et al. 2001).
In general, the citrus pulp residue that industries pro-
duce is transformed into silage. Silage is commonly used 
as a raw material in cattle and sheep nutrition with good 
results in terms of milk production (Piquer et al. 2009) 
and animal growth (Alnaimy et al. 2017). In the last few 
decades, the use of silage has extended to nutrition for 
monogastric animals, such as pigs (Amorim et al. 2011, 
2014; Crosswhite et al. 2013; Watanabe et al. 2009, 2010) 
and chickens (Mourão et al. 2008; Silva et al. 2013), with 
no adverse growth parameters. In fish nutrition, silage has 
been tested in two continental fish, Oreochromis niloticus 
(Moreno Alvarez et al. 2000) and Rhamdia quelen (Rod-
riguez et al. 2012). In marine species, silage has also been 
tested as an antioxidant to improve the fillet quality of 
Seriola quinqueradiata (Fukada et al. 2014), obtaining the 
best results with a 10 g/1450 g diet (wet basis).
On the side, sharpsnout sea bream (Diplodus puntazzo) 
is a marine and omnivorous species. Parts of their natu-
ral diet are algae, crustaceans and polychaetes (Chaouch 
et al. 2013; Saleh and El-Mor 2015), which they con-
sume seasonally. As an omnivorous fish, the sharpsnout 
can obtain a good growth rate with a low ratio of protein/
energy (19.67); using in great part carbohydrates as energy 
sources (Hernández et al. 2001), which has made it one of 
the alternative fish in the Mediterranean region.
Citrus pulp as an energy source in marine fish nutrition 
has not been studied previously, and for that reason, the 
aim of this experiment was to study the use of citrus pulp 
silage in juveniles of D. puntazzo, observing the growth, 
feed efficiency and biometric parameters, as well as the 
amino acids, profile, and retention.
Materials and methods
Ethics statements
The protocols of this experiment were revised and 
approved by the Committee of Ethics and Animal Welfare 
of the Universitat Politècnica de València (UPV), follow-
ing the Spanish Royal Decree 53/2013 for the protection 
of animals used for scientific purposes.
Diets
The citrus pulp silage was a product made up, in large 
part, of the silage of orange pulp. The pulp was very well 
triturated allowing easy silage. After 20 days, the pH of 
the citrus pulp was stabilized in 3.5, and then it was dried 
and ground.
The main ingredients (fish meal, wheat and citrus pulp 
meal) are presented in Table 1 and the essential and non-
essential amino acids used in the tested diets are shown in 
Table 2 consecutively. The two tested diets were formu-
lated by replacing wheat (CON) with citrus pulp (CPD) 
(Table 2). The diets were extruded, using a semi-industrial 
twin-screw extruder (CLEXTRAL BC-45, St. Etienne, 
France). This is an extrusion cooking process, where the 
conditions to process the diets were: 100 rpm speed screw, 
with a maximum heat temperature of 110 °C, reaching 
40–50 atm pressure. The pellet diameter was 2 mm.
Production system and water quality
The experiment occurred in the Nutrition Department of 
the Aquaculture laboratory. The experiment was set up 
in a saltwater recirculation system, using two cylindrical 
750 L fibreglass tanks. All along the experimental period, 
the water quality parameters were as follows: water tem-
perature 22.4 ± 2.2 °C; minimum dissolved oxygen was 
6.3 mg L−1; the mean pH values were 7.4, the  NH4+ value 
Table 1  Proximate composition of experimental diets
All analyses were done in the feed nutrition laboratory belonging to 
Animal Science Department of the Universitat Politècnica de Valèn-
cia
a Vitamin and mineral mix (values are g/kg except to those in paren-
thesis): premix 20; choline 10; dl-α-tocopherol 5; ascorbic acid 5; 
premix composition: retinol acetate (1,000,000 IU 7  kg); calciferol 
(500 IU  kg−1); dl-α-tocopherol 10; menadione sodium bisulphite 0.8; 
thiamin hydrochloride 2.3; riboflavin 2.3; pyridoxine hydrochloride 
15; canocobalamin 25; nicotinamide 15; pantothenic acid 6; folic acid 
0.65; biotin 0.07; ascorbic acid 75; inositol 15; betaine 100; polypep-
tides 12; Zn 5; Se 0.02; I 0.5; Fe 0.2; Cuo 15; Mg 5.75; Co 0.02; 
Met 0.2; Cys 0.8; Lys 1.3; Arg 0.6; Phe 0.4; Try 0.7; except to 1000 g 
(source: Dibaq-Diproteg)
Ingredients (g/kg) Control diet Citrus pulp diet
Fish meal, herring (5-02-000) 571 567
Dry citrus pulp 0 234
Wheat (4-05-268) 226 0
Soybean oil 51 50
Fish oil (7-08-048) 92 90
Maltodextrin 50 49
Vitamin–mineral  mixa 10 10
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was 0.02 mg L−1 and the salinity value was 32.58 g/kg. 
The trial was done under natural light conditions, and all 
the tanks received similar light intensity.
Fish and their distribution
The fingerlings were acquired from a hatchery in Italy and 
the fish were under acclimatization for 8 weeks previously to 
the beginning of the trial. During that time, the fish were fed 
with a basic commercial diet for marine species (ECOPLUS 
10) until the experiment started.
At the beginning of the experiment, three baskets per tank 
were used. Each basket had a 98-L capacity. Sixteen fish 
weighing 21 g (average weight) were put in each basket and 
fed by hand to apparent satiation with experimental diets for 
105 days (March 12 to June 25). The fish were fed at 9 and 
15 h, 6 days a week.
Fish were weighed individually when the experiment 
started and at the end, but while the experiment occurred, 
the animals were weighed in number of two or three fish at 
once, every 3 weeks, after the fish had starved during 24 h; 
the animals were anaesthetized using clove oil  (Guinama®, 
Valencia, Spain). The dose used was 30 mg/L.
Biometrics analysis
At the end of this experiment, three fish per basket were 
killed and all the biometric parameters were collected. These 
data served to determinate the following values: hepatoso-
matic index (HSI), mesenteric fat index (MFI), visceroso-
matic index (VSI); condition factor (CF) and dress-out per-
centage and for subsequent chemical analysis, the fish were 
stored at −30 °C.
Proximate composition and amino acid analysis
It determined the chemical composition of the ingredients pre-
viously to diet formulation. All the materials (experimental 
diets, ingredients, and whole fish) were analysed conforming 
to the AOAC (1990) procedures. For dry matter, the samples 
were kept at 105 °C until they reach a constant weight. To 
determinate the ash content in the samples, they were incin-
erated at 550 °C until constant weight. In the case of crude 
protein (N × 6.25), it was determined by the Kjeldahl method 
after an acid digestion. The crude lipid was obtained using 
methyl ether in a Soxtec 1043 extraction unit. The crude fibre 
was obtained by acid and basic digestion (Fibertec System M., 
1020 Hot Extractor, Tecator). All the analyses were performed 
in triplicate.
For the amino acids of raw materials, experimental diets 
and fish carcass, it used the technique previously described 
by Bosch et al. (2006). All the samples were analysed using a 
Waters HPLC system: this equipment consisted of two pumps, 
an autosampler, a fluorescence detector and a temperature con-
trol module (Model Waters 474, Waters, Mildford, MA, USA). 
Before hydrolysation, it was added aminobutyric, the inter-
nal standard patron. The samples were derivatized with AQC 
(6-aminoquinolyl-N-hydroxysuccinimidyl carbamate). It was 
determined separately methionine as methionine sulphone and 
cysteine as cysteic acid after oxidation with performic acid. 
It was used a C-18 reverse-phase column Waters Acc. Tag 
(150 mm × 3.9 mm) to separate the amino acids.
Statistical analysis
It analysed the growth performance, feed efficiency and 
amino acids values using an unpaired Student’s t test at 0.05 
significant levels. For these tests, we used free software 
(InfoSTAT, 1613-2013 Universidad Nacional de Córdoba, 
Argentina).
Results and discussion
The use of by-products such as the citrus pulp silage can be 
a valuable option not only to reduce the cost of the fish diets 
but also to provide alternative sources to avoid the use of 
grains such as wheat, which is consumed by humans.
Table 2  The bromatological 
composition of the raw material 
and experimental diets, 
expressed in dry matter (%)
a % NFE = 100 − (% CP − % CL − % ash − % CF)
b GE gross energy: calculated using 23.9 kJ g−1 proteins, 39.8 kJ g−1 lipids and 17.6 kJ g−1 carbohydrates
Fish meal Wheat Citrus pulp silage Control diet Citrus pulp diet
Dry matter (DM) 91.14 88.10 95.21 91.99 91.70
Crude protein (CP) 74.51 10.90 11.88 42.16 44.27
Crude lipid (CL) 9.31 1.79 3.55 18.80 19.83
N-free extract (NFE)a 0.0 81.97 62.90 28.52 20.18
Ash 16.75 2.08 5.75 10.04 12.17
Crude fibre (CF) 1.00 3.25 15.92 0.48 3.55
GE (MJ/kg) 21.51 17.92 15.32 22.6 22.02
CP/GE (g/MJ)b¶ 34.63 7.31 7.75 20.77 20.10
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In addition, most of the amino acid (AA) values were 
higher with the citrus pulp diet (CPD), except methionine, 
lysine. For this reason, the indispensable amino acid/dispen-
sable amino acid (IAA/DAA) ratio was higher in the CPD 
than in the control diet (CON) (Table 3).
Citrus pulp meal presented a lower nitrogen-free extract 
and crude energy than the wheat meal, but with higher val-
ues than those observed with citrus peel meal (Moreno Alva-
rez et al. 2000). The bromatological analysis of the CPD 
exhibited a higher value of crude protein (CP 44.3%), CL 
(19.8%) and CF (3.6%) in comparison to the CON, although 
the gross energy (GE) content was lower in comparison to 
the CON (Table 3). Besides, the CP values of the CPD were 
higher in orange pulp (8.5% here) than that reported by 
Lashkari and Taghizadeh (2012) and Rodriguez et al. (2012) 
(6.2% in these other studies). This high CP content could be 
due to the silage procedure that contributed to the increase 
in protein content due to anaerobic bacteria activity and the 
bacteria themselves. The amino acid values of the CPD were 
higher in most of the IAA, except methionine and lysine, 
which are the most limiting AAs in fish nutrition. Cystine, 
tyrosine, serine and glutamine were also lower in compari-
son to the CON values (Table 3).
The inclusion of citrus pulp silage did not affect the 
growth parameters in sharpsnout sea bream (Table  4), 
showing that this species can tolerate up to 234 g/kg of 
CP (P > 0.05). Similar results were found by Fukuda et al. 
(2014) in S. quinqueradiata, with 100 g/kg as a maximum 
Table 3  Total amino acids of 
raw material and experimental 
diets
Amino acids Fish meal Wheat Citrus pulp 
silage
Control diet Citrus pulp diet
Indispensable amino acids (IAA) expressed in %
 Arginine 6.18 0.50 0.47 3.13 3.17
 Histidine 2.66 0.28 0.18 1.24 1.22
 Isoleucine 3.54 0.42 0.34 1.93 1.95
 Leucine 5.66 0.76 0.59 3.42 3.43
 Lysine 4.43 0.36 0.42 3.72 3.26
 Methionine 2.04 0.14 0.14 1.30 1.21
 Phenylalanine 4.93 0.58 0.30 1.68 1.78
 Threonine 3.60 0.36 0.32 1.99 1.93
 Valine 3.86 0.51 0.45 2.25 2.22
Dispensable amino acids (DAA) expressed in %
 Alanine 4.45 0.44 0.63 2.86 2.79
 Asparagine 6.33 0.62 0.93 4.28 4.16
 Cysteine 1.40 0.44 0.13 1.44 1.20
 Glutamine 8.99 3.37 0.90 6.76 6.00
 Glycine 5.36 0.52 0.52 2.67 2.67
 Proline 7.06 1.27 1.17 2.00 1.99
 Serine 2.98 0.55 0.47 1.93 1.75
 Tyrosine 3.60 0.15 0.19 1.29 1.19
 IAA/DAA 0.92 0.53 0.65 0.89 0.93
Table 4  Growth and feed efficiency parameters on sharpsnout sea 
bream fed with the two experimental diets at the end of the trial
Values are ± SD of three replications. Data in the same row with dif-
ferent superscripts differ at (P < 0.05). Initial weight in each phase 
was considered as co variable for final weight and SGR
a Weight gain (WG) = ((final mean weight − initial mean 
weight) × 100)/initial mean weight
b Specific growth rate (%  day−1), SGR = 100 × ln (final weight/initial 
weight)/days
c Thermal growth coefficient (TGC) = final weight 1/3 − initial weight 
1/3]/(water temperature − effective temperature)
d Feed intake ratio (g 100 g  fish−1  day−1), FI = 100 × feed consumption 
(g)/average biomass (g) × x days
e Feed conversion ratio, FCR = feed offered (g)/weight gain (g)
f Protein efficiency ratio (PER) = weight gain (g)/protein offered (g)
Parameters Control diet Citrus pulp diet
Initial weight (g) 21.87 ± 0.34 21.07 ± 0.29
Final weight (g) 103.50 ± 1.29 94.90 ± 3.32
Weight gain (%)a 373.70 ± 9.96 351.07 ± 123.66
SGR(% day)b 1.48 ± 0.02 1.44 ± 0.03
TGC c 1.77 × 10−3 ± 0.02 1.68 × 10−3 ± 0.05
FI (g 100 g fish/day)d 2.20 ± 0.10a 2.67 ± 0.02b
FCRe 1.94 ± 0.09a 2.31 ± 0.05b
PER (%)f 1.34 ± 0.06a 1.07 ± 0.02b
International Journal of Recycling of Organic Waste in Agriculture 
1 3
inclusion. At the same time, Moreno Alvarez et al. (2000) 
commented that the best growth in Nile tilapia was achieved 
with a 20% inclusion of citrus pulp, but Rodriguez et al. 
(2012) found a detrimental growth in Nile tilapia and Rham-
dia quelen, with 300 g/kg of citrus pulp inclusion in com-
parison to broken rice and ground corn.
In contrast, feed efficiency (Table 4) exhibited significant 
differences, with feed intake (FI) and food conversion rate 
(FCR) being higher in the fish fed the CPD and lower in the 
PER (P < 0.05). One possible reason for these results could 
be that the feed efficiency parameters were affected by citrus 
pulp. This may be due to the presence of soluble fibre in 
citrus pulp, which could affect nutrient absorption, thereby 
reducing the feed efficiency (Rodriguez et al. 2012). As Rod-
riguez et al. (2012) stated, crude fibre (CF) is considered a 
main anti-nutritional factor. Nevertheless, in the case of D. 
puntazzo, this fish obtained good growth rates, with 7.44% 
CF in its diet (Nogales-Mérida et al. 2010). Another possible 
cause of feed efficiency reduction in this trial could be the 
presence of limonene in the seeds of citrus pulp, which is 
harmful to monogastric animals (Göhl 1982 cited by Wad-
hwa and Bakshi 2013). According to Shimada et al. (2002), 
the toxicity of limonene metabolites depends on the species; 
this could be the more plausible cause of the feed efficiency 
reduction obtained in this trial and in Yellowtail (Fukada 
et al. 2014) and zebrafish, which were fed with Citrus junos 
that also contained limonene, among other substances (Zang 
et al. 2014).
Regarding the biometric parameters, all these values did 
not present statistical differences (Fig. 1). Nevertheless, it 
was observed high values in HSI and VFI in fish fed CPD in 
comparison to CON. It seems that CPD induced fat deposi-
tion in the viscera as well as in the liver, which could reduce 
the fat content in the carcass in comparison to the CON. 
Rodriguez et al. (2012) found similar results, and they sug-
gested that part of the energy coming from starch (the CON) 
was used for lipid biosynthesis, which seems to be the case 
with sharpsnout sea bream fed the CON.
For body composition, the fish fed the CPD exhibited 
higher moisture and a lower quantity of crude lipid than 
sharpsnout sea bream fed the CON (P > 0.05). In the case 
of crude protein efficiency and gross energy efficiency were 
not observed statistical differences between the two treat-
ments (Table 5). Analysing the protein and energy reten-
tion in sharpsnout sea bream, this was markedly affected by 
citrus pulp inclusion, showing the detrimental effect of this 
raw material had in this species. According to Lashkari and 
Taghizadeh (2012), only 11.54% of citrus pulp was protein, 
while the rest was associated with neutral detergent solu-
ble protein and with neutral and acidic detergent insoluble 
proteins that are not available to monogastric animals. This 
phenomenon could affect the protein and energy deposition 
in the carcass as well as the protein retention. At the same 
time, we observed a reduction in the real protein content 
of the CPD (94.68%) in comparison to the CON (96.74%). 
Pectin could also play a detrimental role in crude protein 
efficiency as Krogdahl et al. (2005) indicated that this non-
starch polysaccharide may inhibit protein hydrolysis.
The amino acid composition of the carcasses did not 
exhibit significant differences at the end of the experiment 
between the two diets. Nevertheless, comparing the results 
Fig. 1  Biometric values on sharpsnout sea bream at the end of the 
trial fed with citrus pulp diet and control diet. Values are ± SD of 
three replications. Data in the same row with different superscripts 
differ at P < 0.05. Condition factor (CF) = [body weight (g)/fork 
length (cm)3] × 100. Viserosomatic index (VSI) = 100 × [visceral 
weight (g)/fish weight (g)]. Mesenteric fat index (MF) = [mesen-
teric fat weight (g)/body weight (g)] × 100. Hepatosomatic index 
(HSI) = [liver weight (g)/body weight (g)] × 100. Gonadosomatic 
index (GSI) = 100 × [gonads weight (g)/fish weight (g)]
Table 5  Body composition and retention of sharpsnout sea bream fed 
with wheat diet (CON) and citrus pulp diet (CP)
Values are ± SD of three replications. Data in the same row with dif-
ferent superscripts differ at (P < 0.05)
A Crude protein efficiency, CPE (%) = (increment of protein corpo-
rally, g) × 100/(ingestion protein, g)
B Gross energy efficiency, GEE (%) = (%) (increment of energy corpo-
rally, kJ) × 100/(ingestion of energy, kJ)
Parameter Initial Control diet Citrus pulp diet
Moisture (%) 67.77 64.05 ± 1.56b 66.31 ± 0.59a
Crude protein (CP % ww) 16.00 16.82 ± 0.43 16.97 ± 0.37
Crude lipid (CL  % ww) 12.05 15.44 ± 1.25b 11.30 ± 1.26a
Ash (% ww) 4.57 3.57 ± 0.25 3.72 ± 0.33
CPE (%)A 22.90 ± 1.29b 18.44 ± 0.64a
GEE (%)B 26.49 ± 2.87b 18.52 ± 1.87a
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with the values of the composition of the initial fishes, there 
was an increase in all of the amino acid values (Table 6).
For amino acid retention, there were only significant dif-
ferences between treatments in Arginine, being fish fed CON 
that obtained the highest value (Fig. 2a, b). This reduction 
in this IAA could be caused as a result of the association to 
neutral and acidic detergent insoluble proteins (Lashkari and 
Taghizadeh 2012), which are not available for fish consump-
tion. This outcome caused a decrease in the AA retention of 
sharpsnout sea bream, especially in arginine, that presented 
significant differences (< 0.01).
Conclusion
The inclusion of 234 g/kg of citrus pulp silage in the diet 
of D. puntazzo did not influence the final weight gain and 
the amino acid profile, although it did result in a reduction 
in feed efficiency and protein and energy retention, which 
may have been due to the presence of limonene or pectin, 
compounds that affect the absorption of nutrition. The citrus 
pulp silage is a good alternative source not only as an energy 
source but also as a protein source for omnivorous fish.
Citrus pulp as an energy source in marine fish nutrition 
has not been studied previously, and for that reason, the aim 
of this experiment was to study the use of citrus pulp silage 
in juveniles of D. puntazzo, observing the growth, feed 
Table 6  Essential amino acids of the carcass of sharpsnout sea bream 
at the beginning and at the end of the experiment
Values are ± SD of three replications
Initial fish Control diet Citrus pulp diet
Indispensable amino acids (IAA) contain calculated on g/100 g of 
fish (wet weight)
 Arginine 1.17 1.43 ± 011 1.22 ± 0.09
 Histidine 0.34 0.48 ± 0.11 0.43 ± 0.03
 Isoleucine 0.54 0.64 ± 0.04 0.67 ± 0.02
 Leucine 1.03 1.14 ± 0.11 1.19 ± 0.06
 Lysine 1.18 1.29 ± 0.16 1.44 ± 0.32
 Methionine 0.45 0.50 ± 0.09 0.47 ± 0.06
 Phenylalanine 0.52 0.66 ± 0.08 0.62 ± 0.07
 Threonine 0.60 0.75 ± 0.11 0.71 ± 0.03
 Valine 0.60 0.73 ± 0.06 0.76 ± 0.05
Dispensable amino acids (DAA) contain calculated on g/100 g of 
fish (wet weight)
 Alanine 0.91 1.07 ± 0.14 1.02 ± 0.23
 Asparagine 1.43 1.61 ± 0.20 1.63 ± 0.32
 Cysteine 0.32 0.34 ± 0.08 0.32 ± 0.06
 Glutamine 2.08 2.25 ± 0.26 2.33 ± 0.45
 Glycine 1.13 1.43 ± 0.16 1.13 ± 0.32
 Proline 0.63 0.74 ± 0.10 0.66 ± 0.14
 Serine 0.60 0.78 ± 0.13 0.68 ± 0.06
 Tyrosine 0.43 0.55 ± 0.09 0.51 ± 0.09
 IAA/DAA 0.88 0.87 ± 0.03 0.92 ± 0.12
Fig. 2  a Indispensable amino acid (IAA) retention of sharpsnout sea-
bream fed with CON and CPD. Values are ± SD of three replications. 
Data with double asterisk differ at P < 0.01. b Dispensable amino acid 
(DAA) retention of sharpsnout seabream fed the CON and CPD. Val-
ues are  ± SD of three replications
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efficiency and biometric parameters, as well as the amino 
acids, profile, and retention.
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